Lipofuscin-like substances accumulate rapidly in brain, retina and internal organs with cysteine protease inhibition.
The protease inhibitor, leupeptin, has been previously shown to cause an accumulation of lysosomally associated intracytoplasmic dense bodies resembling lipofuscin when administered intraventricularly to the brains of young rats (Ivy et al., Science, 226:985, 1984). These findings support the idea that lipofuscin formation during normal aging involves perturbed proteolytic degradation. In the current study, we delineate more precisely the proteolytic mechanisms in question and examine the effects of protease inhibition on other tissues and species. Four sets of experiments were done. In the first, rats were administered leupeptin (L; an inhibitor of cysteine and some serine proteases), E-64C (a cysteine protease inhibitor), chloroquine (C; a lysosomal enzyme inhibitor), aprotinin (A; a serine protease inhibitor) or physiological saline (S) into the lateral ventricle of the brain at a constant rate for two weeks using an osmotic mini-pump. In the second set, beagle dogs were administered L or S intraventricularly in a similar fashion. In the third set, young rats received intraocular injections of L, E64C, C, A or S from 1 to 9 days at 24 hr intervals. In the fourth set, young rats and mice were administered L, E-64C or S intraperitoneally via an osmotic mini-pump for 2 or more weeks. The tissue of all animals was processed for light and electron microscopy as well as for fluorescence analysis. In rat brain cells (especially hippocampus and cerebellum), substances which by morphological, histochemical and fluorescence emission criteria resemble lipofuscin, accumulated following L, C or E64C, but not A or S treatment. A similar buildup of lipofuscin-like substance occurred in canine brain following L but not S infusion. In retinal pigment epithelial cells, undigested rod outer segment discs accumulated after L, C or E-64C and possibly A, but not after S injections. With increasing survival times, the accumulated substances became morphologically more similar to lipofuscin. Cells of liver (both hepatocytes and non-parenchymal cells) and kidney (mainly renal tubule cells) also accumulated substances resembling lipofuscin in response to L but not S infusion; other internal organs were differentially affected. These results demonstrate 1) that specific inhibition of cysteine proteases is sufficient to cause accumulation of lipofuscin-like substances in brain and retina and 2) that several species and organ systems are similarly affected by protease inhibition. Taken together, these findings are consistent with the idea that defective or decreased proteolysis by lysosomal cysteine proteases is responsible for lipofuscin accumulation during normal aging.